Determination of the toluene diisocyanate binding sites on human serum albumin by tandem mass spectrometry.
Diisocyanates are highly reactive chemical compounds widely used in the manufacture of polyurethanes. Although diisocyanates have been identified as causative agents of allergic respiratory diseases, the specific mechanism by which these diseases occur is largely unknown. To better understand the chemical species produced when diisocyanates react with protein, tandem mass spectrometry was employed to unambiguously identify the binding sites of the industrially important isomers, 2,4- and 2,6-toluene diisocyanate, on human serum albumin at varying diisocyanate/protein ratios. The 2,4-isomer results in approximately 2-fold higher conjugation product ion abundances than does the 2,6-isomer, suggesting that the 2,4-isomer has a higher reactivity toward albumin. Both isomers preferentially react with the N-terminal amine of the protein and the ε-NH(2) of lysine. At a low (1:2) diisocyanate/protein ratio, five binding sites are identified, whereas at a high (40:1) ratio, near-stoichiometric conjugation is observed with a maximum of 37 binding sites identified. Binding sites observed at the lowest conjugation ratios are conserved at higher binding ratios, suggesting a subset of 5-10 preferential binding sites on albumin. Diisocyanate-protein conjugation results in a variety of reaction products, including intra- and intermolecular crosslinking, diisocyanate self-polymerization, and diisocyanate hydrolysis.